Loss of arm function occurs in up to 85% of stroke survivors. Home-based telerehabilitation is a viable approach for upper limb training post-stroke when rehabilitation services are not available. Method: A costing analysis of a telerehabilitation program was conducted under several scenarios, alongside a single-blind two-arm randomized controlled trial with participants randomly allocated to control (N=25) or intervention group (N=26). Detailed analysis of the cost for two different scenarios for providing telerehabilitation were conducted. The fixed costs of the telerehabilitation are an important determinant of the total costs of the program. The detailed breakdown of the costs allows for costs of future proposed telerehabilitation programs to be easily estimated. The costs analysis found that a program supplying all required technology costs between CAD$475 per patient and CAD$482 per patient, while a program supplying only a camera would have total costs between CAD$242 per patient and $245 per patient. The findings of this study support the potential implementation of telerehabilitation for stroke survivors for improving accessibility to rehabilitation services. This cost-analysis study will facilitate the implementation and future research on cost-effectiveness of such interventions.
Introduction
Stroke is a leading cause of mortality and the most important cause of severe adult long-term disability (Salter K, 2007) . It is considered a global public health problem due to the resulting severe permanent impairments, functional limitations in daily living activities, reduced leisure and occupational activities, and mental problems such as risk of depression (Baumann, Le Bihan, Chau, & Chau, 2014) . Loss of arm function occurs in up to 85% of stroke survivors (Nichols-Larsen, Clark, Zeringue, Greenspan, & Blanton, 2005) , with a significant impact on quality of life (Kitzmüller, Asplund, & Häggström, 2014) . Although most rehabilitation treatments focus on the first three months after stroke, studies show that stroke has a long-term negative impact on health-related quality of life, activities of daily living, arm function, and participation for both stroke survivors and their families (Ytterberg, Dybäck, Bergström, Guidetti, & Eriksson, 2017) . The annual cost of treating stroke in the Canadian health care system is about $4 billion, including direct and indirect costs (Foundation, 2014) . Many of these costs are from rehabilitation (Mittman N, 2012) . intervention for improving motor function, cognitive function, and neuropsychiatric impacts resulting from stroke. The use of telerehabilitation may optimize compliance with treatment through the use of games to increase desirability and promote participation (Baranowski, Buday, Thompson, & Baranowski, 2008) . Travel distance and time are also barriers to accessing rehabilitation treatments and TR fills a need to ensure treatment adherence for those who live in rural areas or live in areas far away from where rehabilitation infrastructures are located (Peretti, Amenta, Khosrow Tayebati, & Nittari, 2017) .
A recent systematic review showed that TR interventions have either better or equal beneficial effects on motor, higher cortical, and mood disorders compared with conventional in-person therapy visits (Sarfo, Ulasavets, Opare-Sem, & Ovbiagele, 2018) . Another systematic review and meta-analysis showed that stroke survivors who use TR achieve comparable levels of daily life activities and health-related quality of life (HRQoL) to those who receive a face-to-face rehabilitation intervention. Moreover, few studies have assessed the cost-effectiveness of the intervention (Tchero, Maturin, Lannuzel, & Rusch, 2018) .
A study conducted by Llorens (2015) showed lower cost for the telerehabilitation program compared to the in-clinic treatment (US$654). In many telerehabilitation studies the reduced costs are mostly related to travel costs being eliminated for the telerehabilitation group (Thaker, Monypenny, Olver, & Sabesan, 2013) . To control the costs of managing the health consequences of a stroke, it is necessary to evaluate the cost of alternative methods of providing therapy.
Despite the growing literature on the use of telerehabilitation and virtual reality for stroke rehabilitation, few studies have conducted costing analyses. To our knowledge, no studies have estimated the cost of store-and-forward or off-line monitoring of TR-based exercise programs for stroke survivors. This study calculated the cost of a novel, home-based tailored TR program using an affordable virtual reality system for upper-limb rehabilitation post-stroke compared to the current standard of care. A cost analysis of the incremental costs of the telerehabilitation program was conducted and extrapolated to variations of the pilot program studied in this paper. A detailed breakdown of the costs allows providers and researchers to estimate the costs for variations of the program studied here and to tailor the program to their situation.
In times of restricted resources and given the large economic impact of stroke, there is great interest in deploying innovative and alternative stroke care to provide high-quality, affordable therapy that maximizes recovery and ensures efficiency and sustainability of care. This paper provides decision makers a framework for costing the introduction of a TR program and highlights the main issues to consider when starting a program.
Method

The Pilot Project
A costing analysis was conducted alongside a randomized pilot clinical trial. Participants for the pilot project were recruited from several rehabilitation and community centers in Montreal, Canada. The criteria for inclusion were: (1) ischemic or hemorrhagic stroke (did not have to be a first-time stroke); (2) mild to moderate upper limb impairment (score 3-6 Chedoke-McMaster); and (3) no longer receiving rehabilitation services. Participants who were limited in their participation or understanding of instructions, as determined by their treating therapist, doctor, a caregiver, or themselves were excluded from the study. After considering the inclusion and exclusion criteria, 51 people who had sustained a stroke were recruited and randomly allocated to either the intervention (N=26) or the control (N=25) group.
All participants (both the control and the treatment group) were provided with a written home exercise program during an initial appointment with a physiotherapist, as proposed by the Graded Repetitive Arm Supplementary Program (GRASP), tailored to their level, as per current stroke guidelines (Lindsay M, 2010) . Guidelines provided by the Canadian Best Practice Recommendations for Stroke Care include the provision of an exercise program for stroke patients with loss of upper limb function. Participants in both the control and the treatment group were asked to perform their exercises at least 5 times per week for 30 minutes a day, for 4 weeks. For participants in the control group, there were no additional visits to the physiotherapist.
In addition to the written exercise program, participants in the treatment group received a TR platform (Jintronix system) (Jintronix) for upper limb rehabilitation using virtual reality (VR). Participants were introduced to the system during the initial appointment with a physiotherapist, during which the at-home exercise program was designed for the participant. Participant performance was logged by the TR platform and monitored off-line by the therapist. Patients were enrolled in the pilot study for four weeks. Over the two-year pilot study, twenty-six patients participated in the TR program
Costing Analysis
The extra cost of providing the TR program (treatment) compared to just providing the exercise program (control group) was calculated. The only difference between the control and treatment groups was the presence of a TR environment. Both groups had an initial appointment with a physiotherapist and were provided with an exercise program. The cost of providing the exercise program at the initial appointment was assumed to be the same for the control and the treatment groups and was thus not included in the analysis. Patients in both groups were expected to spend the same amount of time participating in the program; therefore, the difference in time costs for the patient between the intervention and control programs was minimal. The introduction of the TR program in this study involved additional costs because the recommended standard of care was received by both the treatment and control groups. The treatment group was also supplied with extra resources to participate in the TR environment which allowed participants to receive a higher intensity of treatment as recommended by the stroke rehabilitation guidelines.
The costing analysis adopted a societal perspective for evaluating the program, a common approach when assessing health programs (Jonsson, 2009) . Adopting this viewpoint required that the costs to all parties affected by the program, for example, both health care providers and patients, be measured and valued. As there are no costs borne by a third party due to the intervention, and costs to patients are identical for the treatment and control groups, by measuring the costs of the health authority, the costs were estimated from a societal perspective. All costs were measured in 2015 Canadian dollars and based on 2015 prices.
The cost of the pilot project was calculated first. The fixed costs, that is, the costs to set up the pilot project, were separated from the variable costs, that is, the costs incurred for each patient. Costs for a variation of the pilot project were presented to provide context for the estimated costs.
Finally, the costs of the pilot program were extrapolated to a scenario with a permanently established program with the required hardware in continuous use. Computer equipment lasts longer than a two-year study period and it was useful to consider the cost as spread out over the life of the equipment. Fixed costs were expressed as an annuity, that is, a cost in each year of the expected useful life of the equipment; when the stream of costs was discounted to the current period the sum was equal to the fixed costs of the TR program. Several assumptions must be made to calculate this value. First, the depreciation of the equipment and replacement date had to be estimated. The Canada Revenue Agency allows businesses to depreciate computer equipment at 55% per year (Canada G. o., 2019) , which implied a useful life of 4 to 5 years for the equipment. Second, a discount rate had to be chosen to account for the occurrence of costs at different times. One view of the discount rate was to consider it as adjusting for lost interest. Money spent today could have been invested and yielded a return in the future, so the costs needed to be adjusted for this lost opportunity cost. The Treasury Board of Canada Secretariat currently recommends a discount rate of 8% for programs with an investment emphasis. For programs with an emphasis on providing consumer consumption, such as health programs, a social discount rate was often used, which was estimated at 3% for Canada (Canada G. T., 2007) .
Results
Cost Analysis of Pilot Project
The fixed costs of the pilot project were presented in Table 1 . The required hardware included a computer, screen, keyboard, mouse, Internet connection, and the Kinect camera. The computer required sufficient CPU power and RAM to support the gaming environment of the software. A screen of at least 27" allowed patients to interact with the software. The Kinect camera recorded the patient's movements for the software and required a Microsoft cable adapter for proper interaction with the Windows environment. These specifications ensured that the TR program functioned properly. The total fixed costs for the program were $7,765.44 ($298.67 per patient) for the 26 patients enrolled in the pilot project. The per patient variable costs of the pilot project are presented in Table 2 . Total variable costs were $10,976.94 ($422.19 per patient). The variable costs were separated into installation/removal costs and costs incurred during participation in the program.
Patients were provided with an Internet key card. The cost of the key card was the price charged by the local telecommunications company. A technician set up the necesssary equipment at the patient's home and recorded the time spent setting up the equipment, transit time to the patient's residence, and the mileage to the patient's residence. The same information was collected when the technicians returned to pick up the equipment. The cost of the technician's time was estimated to be equal to the hourly wage plus benefits. Benefits were estimated to be 10% of employer's total payroll costs (Stewart, 2015) . The cost of mileage was set at $0.43 per kilometer as per the hospital's allowed expenses. The average time for installation and removal was 3.31 hours. The average travel distance for installation and removal was 78.69 km.
The variable costs of the pilot project also included technician time spent assisting patients with the TR system, software rental, and the time spent by physiotherapists monitoring patients. Of the 26 patients in the study, only 5 required assistance with the equipment during the program duration. The calculation of the costs of technician time and mileage to provide the assistance was the same as the calculation for installing and uninstalling the equipment. The average time (over the 26 patients in the study) for assistance during the program was 0.42 hours and the average mileage was 3.00. Each patient also required a monthly subscription to the software for the duration of the program, which cost $25/month. Finally, the costs of patient monitoring by the physiotherapists were included. The physiotherapists recorded the time spent monitoring their patients during the study. On average, they spent 75 minutes monitoring each patient over the 4-week period. The physiotherapist time was valued as the average wage of the physiotherapists monitoring the patients plus an estimate of benefits, which came to $39.83 per hour. The average time spent by the physiotherapist reviewing patients' activity on-line and revising exercises was 75 minutes (range 40-150 minutes) for an average cost of $49.92 per patient. The work was conducted on-line so there were no travel expenses. Patients are likely to have the necessary computer equipment and Internet access, but do not have the Kinetic camera to record their exercise program. Using the detailed information provided above, it was possible to estimate the cost of this variation of the pilot project. The difference in costs between the pilot project and this variation was mainly in the fixed costs of supplying the equipment, as only the camera needs to be provided. For the variable costs, the time required to install and uninstall the equipment is assumed to be the same as in the pilot project. This assumption may underestimate the variable costs of the camera-only program because installing a camera on an unknown system may involve unforeseen difficulties; these were less likely with the pilot project as the same system was being installed for each patient and technicians were familiar with it. In a program that only provides the required camera to patients, total incremental costs would be $7,636.98 ($293.73 per patient) compared to total incremental costs for the pilot project of $18,742.38 ($720.86 per patient).
Cost Analysis of a Permanent Program
The pilot program treated only 26 patients during the study, which resulted in significant time when the equipment was not being used. We can estimate the incremental costs of a permanent program where the equipment is in continuous use by patients by extrapolating from the cost analysis for the pilot project. It is important to consider this situation because equipment costs were a significant part of the total costs. We extrapolated from the pilot program to estimate the cost for a fully operational program where patients use the equipment for four weeks. Allowing one week for the equipment to be switched between patients, each set of equipment could be used by ten patients in a year. With four sets of equipment available in a fully operational program, forty patients could be enrolled per year.
The annualized fixed costs for the full-equipment and camera-only variations discussed above, for two discount rates (3% and 8%) and for both a useful life of 4 and 5 years, are presented in Table 3 . The annualized cost for the full-equipment program ranges from $1,695 ($42 per patient) to $2,344 ($59 per patient), while for the camera-only variation the range is between $349 ($9 per patient) to $483 ($12 per patient). Table 4 summarizes the total cost of full-equipment and camera-only programs that provide a 1-month program for 40 patients per year. The total costs of the programs are shown using two discount rates -0.03% and 0.08% (a social discount rate and an investment discount rate). The annual variable costs from Table 2 were multiplied by 40 to estimate the total annual costs for a program serving 40 patients per year.
With the higher investment in computer equipment, a full-equipment program was more expensive. An operational program providing care to 40 patients per year would have annual costs between $19,011 ($475 per patient) and $19,271 ($482 per patient). The camera-only variation would have total costs between $9,717 ($242 per patient) and $9771 ($245 per patient). 
Discussion
This study provides information on a topic with very limited primary data -the intervention costs associated with delivering telerehabilitation and virtual reality in stroke survivors. In addition, the detailed presentation of the costs allows the results to be extrapolated to estimate the costs for different scenarios. The program studied in this paper had patients completing exercises on their own at home and did not require travel for patients.
This study fills a significant gap in the literature related to costs of TR for stroke survivors. A recent systematic review of the topic found no studies measuring the cost effectiveness of TR in stroke survivors. However, evidence was found that TR is less expensive to implement compared to face-to-face rehabilitation in other patient populations. Furthermore, there is evidence that TR improves several outcomes such as balance, mobility, motor recovery, pain reduction and verbal communication skills in several conditions, including stroke (Coulibaly, Rochefort, Kairy, & Tousignant, 2018) . Telerehabilitation is often proposed as an approach to provide rehabilitation interventions when these are not otherwise accessible. Therefore, it is important to have a better understanding of the costs incurred when proposing such interventions to those who would not otherwise have access to them. This study provides an alternate approach to examing costs using an incremental cost analysis that can contribute to the decision making process when introducing telerehabilitation.
Our study has limitations that should be taken into account. Assumptions about the discount rate must be made when costs occur across multiple periods. The preferred discount rate may vary between organizations and the information is provided so that different discount rates can be applied. Similarly, costs could be region-specific because of differences in the market or the scale of the proposed project, thereby requiring the per unit price to be adjusted. The prices used to calculate the cost of technology are from the pilot project; however, the cost of technology constantly changes and these prices have likely changed over time. A final limitation is that a cost-benefit, or cost-effectiveness, analysis using the efficacy findings has not been conducted because the preliminary effectiveness results of the intervention are not finalized. Including information about the benefits of using the TR environment would allow decision-makers to decide if the program was worth introducing.
Conclusion
This cost-analysis study will facilitate the implementation and future research on cost-effectiveness on TR interventions. The objective of this study was to calculate the additional cost of a short-term telerehabilitation and virtual reality intervention for improving upper limb function in chronic stroke survivors and estimate the cost of different variations of the program. Despite the growing literature on the use of telerehabilitation and virtual reality for stroke rehabilitation, few studies have conducted costing analyses on stroke rehabilitation. After calculating the costs for the pilot project that was the basis for this study, we extrapolated the results to consider a variation of the project and the cost for a permanent program. The findings of this study provide background information for the potential implementation of telerehabilitation for stroke survivors, to improve accessibility to rehabilitation services.
The information gathered in this study could inform decision making and clarify necessary steps to promote effective implementation of the telerehabilitation and virtual reality intervention for stroke survivors, thereby improving accessibility to rehabilitation services and outcomes post stroke. In addition, it could potentially be used to help decision-makers tailor implementation cost strategies for telerehabilitation interventions. It is expected that the information in this study will guide and facilitate the planning and implementation of telerehabilitation interventions for stroke survivors.
